The investigation on the distribution of the genus Pulmonaria in Tuscany and neighbouring areas, has revealed that the cytotype with 2n=16 (cfr. P. officinalis L.) occurs over a rather large area. This area in part overlaps that of the other two cytotypes with 2n=22 and 2n=28. While the former cytotype is distributed all along either side of the watershed of the Tosco-Emilian Apennines, the latter cytotype, besides overlapping the 2n=16 and the 2n=22 distribution areas to the north, extends its range southwards on the western side of the Apennines with populations scattered over the hills as far south as Monte Amiata and the hills north of Perugia in Umbria. Two somewhat aberrant chromosome numbers (2n=25 and 2n=26) have been found, albeit rarely, within 2n=22 populations. Some hypotheses are offered regarding the origin of the various cytotypes through a change in basic chromosome number from x=7 to x=8, with subsequent hybridizations, leading to the establishment of the present chromosome races.
INTRODUCTION
The genus Pulmonaria, composed of herbaceous perennial plants of the family Boraginaceae, is considered to be of Eurasian origin and, according to BOLLINGER (1982) , includes about eighteen species and eleven subspecies. Besides the valuable accounts of SAUER (1975) and BOLLINGER'S (1982) , the last comprehensive monograph of the genus by KERNER dates from 1878. Recently PUPPI and CRISTOFOLINI (1991, 1996) have reported some interesting data on the systematics of some species of Pulmonaria found in Italy.
Most of the species of Pulmonaria are very polymorphic with rather high and complex interspecific patterns of variation so that the genus, by general consensus, is considered to be very difficult taxonomically (LACAITA 1927; DUVIGNEAUD, LAMBINON and RENARD 1976) .
Several authors (TARNAVSCHI 1935; MERX-MUELLER and GRAU 1969; MERXMUELLER and SAUER 1972; SAUER 1975 , 1979 and BOLLINGER 1982 , have used chromosome studies in order to unravel the apparently difficult taxonomic situation and try to establish the probable systematics of the genus. However, such treatment and the resulting data, for the most part, have been controversial and no general agreement of the systematics of the genus Pulmonaria has been achieved so far.
The following account is an attempt to use morphology and chromosome numbers to define the distribution of the various "cytotypes" in Tuscany and immediately adjacent areas.
MATERIALS AND METHODS
All the plants, collected in the field, were cultivated in pots placed in the open air in the Orto Botanico of the University of Pisa. For the cytological preparations actively growing root-tips were pretreated in a saturated solution of 8-hydroxyquinoline at room temperature for 4 hours. It was found that fixation in 1:3 acetic-alcohol resulted most often in chromosome clumping. Thus, we avoided fixing and, after 3 minutes hydrolysis in 1N HCl at 60°C, we squashed the meristematic parts of the root-tips directly in a drop of 1.5% orcein in 45% acetic acid. This procedure, in part suggested by SAUER (1975) , was found to be satisfactory.
RESULTS AND DISCUSSION
More than two hundred populations of Pulmonaria have been investigated. Morphological as well as cytological observations have been made on 3 to 5 plants in each population. We have found three most common chromosome numbers, 2n=16, 2n=22 and 2n=28 and two rather rare derivatives with 2n=25 and 2n=26 and their geographical distribution is indicated in the Figs. 1-4.
Both KERNER (1878) and SAUER (1975) have stated that all important differences between the species of Pulmonaria are to be found in the type and density of the hairs on the summer leaves and to a certain extent in their form. Nevertheless, our laboratory work as well as extensive garden and all-year-round field observations over more than four years, have established that discrimination between the species on the basis of hair type and density may not be reliable. In fact, our caryological data show that apart from the 2n=16 cytotype (cfr. P. officinalis) which, at least at some stages of the vegetative cycle can be recognized by the shape of the leaves and by their hairiness, the other cytotypes characters overlap in such a way that it is impossible to distinguish them with certainty. PUPPI and CRISTOFOLINI (1996) have published the results of several crosses between some of the Italian species of Pulmonaria, presumably belonging to different cytotypes and between plants of the same species. Their results clearly show a very similar and in some case a more or less equal degree of partial fertility in the two types of crosses. However, the experimental crossing method used by the above mentioned authors does not seem to have taken into account the presence of heterostyly in our genus and this may have had some effect on the results of their crosses.
In fact, BOLLINGER (1982) , in his hybridization experiments reports that, besides a certain degree of partial fertility in his crosses, there is also a sensible decrease of fertility in the crosses, whether intraspecific of interspecific, between homostyle plants. In any case, given a measure of randomness in Puppi and Cristofolini's crossing method, their results, and Bollinger's, may be taken as an indication of a certain amount chromosome homoeology in Pulmonaria. Besides the hypothesis of chromosome homoeology, these findings may indicate the presence of a somewhat flexible meiotic pairing system tending to "normalize" otherwise unbalanced situations as proposed by BOLLINGER (1982 and see below).
We have noticed that plants with 2n=22 and 2n=28, and also with 2n=25 and 2n=26, have summer leaves which, on the basis of hair types, density and shape could be assigned either to P. apennina or to P. picta or even to P. vallarsae. We consider this a very important point because it questions the definition of species in our genus. Now, if we consider as true species plants with different chromosome numbers or, at least in genera with characteristics similar to Pulmonaria, should we accept the concept of cytotaxon?
Our experiments, as well as those of other authors, have shown that the various cytotypes come true from seed so that John Ray statement "distincta propagatio ex semine" in his Historia Plantarum (1686), may be accepted, with reason, as the definition of a species in Pulmonaria.
The main event in the speciation of the genus Pulmonaria is certainly the change in basic chromosome number from x=7 to x=8, an increase probably originated by chromosome breakage and reunion and by other chromosome rearrangements.
The occurrence of the 2n=16 species (cfr. P. officinalis L.) in an otherwise uniform group of 2n=14 species and their putative tetraploid derivatives (2n=28), through hybridization, may have produced all the dysploid chromosome numbers found in the genus. In this context and considering x=7 as the basic number of the genus Pulmonaria, we can envisage that the widespread 2n=22 chromosome number, which may be considered as hypertriploid (TARNAVSCHI 1935) , could have originated from the cross between a diploid with x=8 and a tetraploid with x= 14. As defined by JEFFREY (1925, p. 210) , dysploidy consists in the non-polyploid variation of nuclear chromosome numbers.
The distribution of the various cytotypes
The distribution of Pulmonaria is frequently very patchy with groups of plants of different cytotypes scattered over several kilometres. The Figures show clearly that all the cytotypes share the same distribution area especially in the North West. Although previous researches did establish the existence of 2n=16 populations, referable to P. officinalis L., only in the Emilian Apennines (Monte Fiorino area, fide PIGNATTI 1997) and, at quite low altitude, in the Northern Tuscan region of Lunigiana (Capineri, 1998), we have found that the area of distribution of this cytotype is rather large. In fact, 2n=16 populations are found usually at fairly high altitude on both sides of the watershed of the Tuscan-Emilian Apennines with outlier populations to the South East. It is probable that small scattered CHROMOSOME NUMBERS AND DISTRIBUTION OF THE GENUS PULMONARIA IN TUSCANY AND NEIGHBOURING AREAS
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The Maps indicate the distribution of Pulmonaria in Tuscany and the immediately adjacent areas. The area of collection extends east from north of Genoa in Liguria, south to the hills north of Perugia in Umbria. populations of this cytotype may exist further south along the watershed, always very near with the 2n=22 and 2n=28 cytotypes. We have found that this latter cytotype has a distribution area mainly to the South West of the Apennines with a few populations to the North and North West. It is the only cytotype found so far at fairly low altitude in hilly country from the Monte Pisano, scattered throughout the hills south of Pisa and the Chianti Hills, south to Monte Amiata and north of Perugia in Umbria.
In our study, it is of particular interest the fact that often cytotypes 2n=16, 2n=22 and 2n=28 are found almost intermingled with the respective populations occupying sites often less than a hundred metres from one another. This type of situation in Pulmonaria has also been noticed by BOLLINGER (1982, map 24, p. 80) who, for P. longifolia s.l., reports the existence of four different cytotypes (2n=14, 2n=20, 2n=24 and 2n=28) in a rather restricted area of the Western Alps.
Chromosome structure in Pulmonaria: heterochromatin versus allocyclic segments
Heterochromatin, as defined by HEITZ (1929), consists of chromosome segments which mantain their mitotic anaphase spiralization during interphase. Therefore, in the resting nuclei they appear as distinct chromocentres. This is not the situation regarding the rather large differential chromosome segments of Pulmonaria where the only chromocentres present are fairly small and are associated with the centromeric regions and with the nucleolar attachments.
The differential chromosome segments of Pulmonaria, which are found mostly in distal positions and occupy a large part of the chromosomes, mantain a kind of prophasic spiralization during the course of mitosis. Towards metaphase they become progressively shorter but persist in the form of less stainable regions or gaps even during anaphase. So that, these differential segments, although considered as heterochromatic by SAUER (1975 SAUER ( , 1979 seem to behave as allocyclic segments (AC-segments) in the sense of DYER (1963) , BAYER (1986) and COLASANTE (1995) .
The probable origin of chromosome numbers 2n=22, 2n=24, 2n=25, 2n=26 and 2n=28.
Firstly we have to consider the important findings on the "normalization" of the meiotic behaviour in hybrids of Pulmonaria by BOLLINGER (1982) . Table 3 of the above mentioned work, demonstrates the high degree of meiotic chromosome pairing, with the highest possible number of bivalent formation, in the artificially produced interspecific hybrids. Further, the Table shows that the resulting pollen fertility is between 60 and 79%, not very far indeed from the results of intraspecific crosses (between 78 and 89%).
Bollinger's conclusions are that in Pulmonaria there exists an exceptionally flexible meiotic system which produces a rapid normalizations during the course of meiosis and that this system is an essential basic requirement for the formation of the dysploid races:
"Alle untersuchten Hybriden, besonders aber die triploide P. longifolia, besitzen ein aussergewoehnlich flexibles Meiose-System, das eine rasche Normalisierung des Meioseverlauf bewirkt. Dieses System ist eine wesentliche Voraussetzung fuer die Bildung von dysploiden Rassen".
In our study, cytotypes 2n=25 and 2n=26 have been found so far as a single plant or as a group of four plants respectively, always within 2n=22 populations. Their existence testify to a certain degree of hybridization with the adjacent 2n=28 populations and such cross would produce plants with 2n=25 (x=11 + x=14). A "normalized" meiosis in such plants will produce gametes with x=12 and x=13. Given a degree of interfertility, plants with 2n=24, 2n=25 and 2n=26 would be produced. Since we have found only plants with 2n=25 and 2n=26, there is the question of the missing 2n=24 plants but this may be due to their relative rarity or perhaps to a kind of genetic unbalance.
In any case, plants of Pulmonaria with 2n=24, and a new species, P. helvetica, also with 2n=24, as described by BOLLINGER (1982, pp. 99-105) , have been found in Western European populations. As for the origin of the various chromosome numbers already discussed, thorough chromosome analysis of all cytotypes, will certainly help to clarify the above hypotheses.
CONCLUSIONS
The investigation on the distribution of the cytotypes of Pulmonaria in Tuscany and neighbouring areas has revealed: 1) Pulmonaria officinalis (2n=16), hitherto considered to be confined to only two sites in the NW Apennines, has been found to have a rather extensive area of distribution. More than thirty populations of this species have been found in sites from the NW Apennines, either sides of the watershed from west of the Passo della Cisa to isolated sites two hundred kilometres away in the Parco delle Foreste Casentinesi, NE of Florence (Fig. 2) .
2) The distribution of the other cytotypes (2n=22, 2n=25, 2n=26 and 2n=28) overlaps the area of P. officinalis (2n=16), with the 2n=22 cytoype found usually at moderate altitude all along the Apennines, while the 2n=28 cytotype extends its range from the NW Apennines and, as isolated populations, towards the SW at fairly low altitude in hilly country as far south as the Monte Amiata and, further south, to the hills north of Perugia in Umbria (Fig. 4) .
3) The 2n=25 and 2n=26 cytotypes are very rare and, interestingly, have been found so far only within 2n=22 populations, the former as a single plant at Passo del Muraglione and the latter as a group of four plants at San Pellegrinetto, about one hundred kilometres away (see Fig. 3 ).
The results of our study, besides elucidating the distribution of the genus Pulmonaria in Tuscany, have shown once more the complexity of the taxonomical problems in the genus. At the moment, in a way which may be regarded as purely hypothetical pending further researches, we propose to consider cytotypes 2n=22, 2n=25, 2n=26 and 2n=28 as chromosome races within a single polymorphic species that is Pulmonaria saccharata Miller.
APPENDIX a) Notes on the phenology of Pulmonaria
Throughout their range Pulmonarias grow preferentially in wood clearings, along footpaths, roads etc., often near streams or on humid banks derived from water seepage, usually in half shade. Our field observations have shown that bumble-bees, solitary bees and sometimes hover-flies are the main pollinators. In some cases, especially late in the flowering season, we have seen ants creeping in and out of the flowers. Ants, of course, are considered one of the agents of seed dispersal in the genus Pulmonaria. Nearly all descriptions of the species of Pulmonaria indicate for the flowering period the months of February until May. Nevertheless, our experience has shown that al least some populations start flowering as early as the end of November. However, we have found that such early flowerings, probably due to the absence of pollinators, rarely produce viable seeds.
As regards flower colour in Pulmonaria, most plants have flowers which are pinkish-red in bud, becoming various shades of blue or blue-violet, fading generally pinkish-red. We have found that some plants and in one or two cases whole populations, have magenta to pink flowers which fade dark red.
b) The probable evolutionary meaning of the indumentum and of the white spots or blotches on the leaves of Pulmonaria.
The leaves and the stems of all the species of Pulmonaria are covered by an indumentum composed of various types of hairs. In particular there are stiff bristles or aculei which can be considered as a kind of dissuasive defence against grazers. In our investigation we have found that, in all cytoypes generally, when present, the white or light-green spots or blotches in the upper side of the leaves, possess relatively large and long subulate bristles about their centre. These large central bristles, usually bent towards the apex of the leaf, emerge from a raised ring of about ten large green cells, visible with the naked eye, on a background of smaller "white" higly light-reflecting cells. The white spots or blotches in their shape, colour and spacing, resemble very much the off-white lichen colonies common on flat rocks in the habitat of Pulmonaria. It is probable that this resemblance may act as deterrent against possible predators.
